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I NTERIM SUMMARY 

PREF ACE 

By letter da ted Jun e  20, 1 97 8 ,  th e N a tiona l Petro leum Cou n ci l, 
an i n du s try a dv i sory commi ttee to th e Secr eta ry o f  E n ergy , wa s 
r equ es ted to pr epa r e  a n  ana lys i s  of  po ten ti a l  n a tur a l  g a s  r ecov ery 
from coa l  s eams ,  Devon i a n  Sha le, g eo pr es s ur ed br i n es ,  a n d tig h t  gas 
r es erv o i rs . I n  r equ es ti ng th e s tu dy ,  th e Secr etary s ta ted tha t: 

• • •  You r  ana ly s i s  s ho u ld a s s es s  th e r eso ur ce b a s e a n d 
th e s ta te-o f - th e-a r t  o f  r ecov ery tech n o logy .  Addi 
tiona lly , you r  a ppr a i sa l shou ld i n clu de th e ou tlook 
for cos t  a n d  r ecov ery of  un conven tiona l g a s  a n d 
s h o u ld cons i der how g ov er nm en t  po li cy can i m prov e 
th e ou tlook . (See Appen di x A for com plete tex t o f  
th e Secr eta ry 's letter a n d  a f ur th er des cr i ptio n  of  
th e Na tion a l  Petro leum Coun ci l. ) 

To a i d  i t  i n  r es po n di ng to th i s  r equ es t, th e N a tiona l Petro leum 
Cou n ci l  es tab li sh ed th e Commi ttee o n  Un conv en ti on a l  Ga s Sou r ces 
un der th e cha i rmans h i p  of  Joh n  F .  Bookou t, Pr es i den t a n d  Ch i ef 
Ex ecu tiv e  Of f i cer , Sh ell Oi l Com pa ny . R .  Dob i e  Lang enkam p, Depu ty 
As s i s tan t Secr eta ry for R es o ur ce Dev elo pmen t & Oper a ti on s ,  R es o u r ce 
Appli ca tio n s ,  u.s. Depa r tm en t  of E n ergy , s erv ed a s  Gov er nm en t  
Co ch a i rman o f  th e Commi ttee. A Coor di n a ti ng Sub commi ttee a n d  four 
tas k  g rou ps ,  by sou r ce, wer e  form ed to as s i s t  th e Commi ttee. (Ros 
ters of  th es e s tu dy grou ps a r e  i n clu ded i n  Appen di x B . ) 

Th e N a tion a l  Petro leum Coun ci l's r epor t, U n conv en ti o n a l Ga s 
Sour ces , i s  b ei ng i s s u ed i n  f iv e  vo lumes : 

• Vo lume I - E x ecu ti v e  Summa ry 

• Vo lume I I  - Coa l  Seams 

• Vo lume I I I  - Dev o n i an Sh a le 

• Vo lume IV - Geo pr es s ur ed B r i n es 

• Vo lume v - Ti g h t Ga s R es erv o i r s . 

Th e Coa l  Seams ,  Devon i an Sha le, a n d  Geo pr es s ur ed B r i n es vo lumes a r e  
b ei ng i s s u ed i n  Jun e  1 98 0  a n d  a r e  s umma r i z ed b elow . Th e E x ecu tiv e 
Summa ry an d Tig h t  Ga s R es ervo i rs vo lumes a r e  to b e  i s s u ed la ter i n  
1 98 0. Th i s  I n ter im Summa ry prov i des a n  o v er v i ew o f  th e thr ee vo l
umes i s s u ed i n  Jun e  a n d  a di s cu s s i on of th e s ta tu s  o f  th e tig h t  g a s  
r es ervo i r  a n a lys i s .  Pr elimi n a ry a n a lys i s  i n di ca tes tha t  r es er v e  
a ddi tions for tig h t  g a s  r es ervo i rs wi ll b e  th e la rg es t  a n d  mos t  
s ig n i f i ca n t  of  th e un conven tiona l sour ces . 
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RESULTS 

Within each volume, the resource base, state-of-the-art of re
covery technology, potential reserves and production, constraints, 
and uncertainties associated with each source are examined. The 
report presents estimates of what could happen under certain as= 
sumed technical and economic circumstances and is not intended to 
represent a forecast of what will occur. 

Resource 

In this report, the in-place gas resource of coal seams and 
Devonian Shale is estimated to be very large. The National Petro
leum Council makes no independent estimate of the in-place gas of 
geopressured brines since published estimates are so large that 
total resource size is not considered a constraint to development. 
Even though only a small percentage of these sources' in-place 
resource is estimated to be economically recoverable, unconven
tional gas could be a significant addition to the nation's future 
gas supply. 

The resource estimates depend heavily on the extrapolation of 
limited data. The coal seams estimate is based on available lim
ited gas content data which pertain mostly to known gassy bitumi
nous coals. The Devonian Shale estimate is also based on rather 
limited gas content data. Although there is already significant 
shale gas production in some portions of the Appalachian basin, 
most of the resource is in undrilled and unproved areas. 

Reserve Additions 

For each source, reserve additions and producing rates are 
calculated as functions of five gas prices ($2.50, $3.50, $5.00, 
$7.00, and $ 9.00 per million Btu [MMBtu] ), three rates of return 
(10, 15, and 20 percent),l and at least two levels of technology. 
Constant January 1, 1979, dollars are used in all analyses. Re
serve additions for conventional technology shown on Table 1 are 
cumulative additions through the year 2000, and the prices give a 
10 or 20 percent discounted cash flow rate of return (ROR) to the 
producer on the highest cost (last) increment of production. 

Gas prices of $5.00 and $ 9.00 per MMBtu are equivalent to 
$29.00 and $52.00 per barrel of crude oil and bracket present de
controlled crude oil prices. Unconventional gas production from 
coal seams, Devonian Shale, and geopressured brines qualifies for 
decontrolled high-cost gas prices. 

lThese rates of return are real rates of return on invest
ment, after tax, and take risk into account. They do not reflect 
inflation. 
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Sour c e  

Co al S eams 

TABLE 1 

Cumul a t iv e  R es erv e Ad d it io n s  to t h e  
Y ea r  2000 -- Conv en t ional T ec hnolog y 

(TC F )  

Gas P r ic e  (Co n s t a n t  1 97 9  
$2. 50/MMB tu $5. 00/MMB t u  
1 0% 20% 1 0% 20% 
ROR ROR ROR ROR 

5 2 25 1 7  

Dol l a r s ) 
$9. 00/MMB tu 
1 0% 2"0% 
ROR ROR 

45 3 3  

Devon ian S hal e 7 0. 3 20 1 1  27 21 

Geopr es sur ed B r in es 0 0. 1 0. 6 

1 2  2 45 28 7 2  54 
• 

Th e above es t ima t es may b e  opt imis t ic b ec a u s e wh en f a c ed w it h  a 
cho ic e  on a c r it ic a l  p aram et er ,  t h e  s t udy p a r t ic ipan t s  u s ua l ly mad e  
th e opt imis t ic c ho ic e. 

INTERIM CONCLUS IONS 

Th e po t en t ia l  f o r  r ecov ery f rom u n conv en t io n a l  g a s  sour c es 
invol v es c ompl ex r el a t io n s h ip s  among r es o ur c e b a s e, t ec h no logy , 
econom ic s , a nd gov er nm en t  po l icy , mak ing g en er a l iz a t io n s  d if f icu l t . 
From its s t udy , how ev er ,  th e Na t ional P etrol eum Counc il d r aws th e 
fol low ing int er r el a t ed conc l u s io n s :  

• N a t ur a l  g a s  f rom c o a l  s eams and D evon ia n  S h a l e c o u l d  mak e a 
s ig n if ic a n t  c o n t r ib u t ion to f u t u r e  U . S .  g a s  s uppl y . Co nv en 
t ional na t ur a l  g a s  r es erv e ad d it io n s  h av e b een 1 0- 1 4 T C F  
annua l ly in r ec en t  y ea r s . A t  t h e  $5. 00 p er MMBt u g a s  pr ic e  
l ev el and a 1 0  p erc en t  r ea l  ROR a f t er t a x, t h e  total u n c on 
v en t ional r es er v e  add it ions t h r o ugh 2000, if a c h iev ed b e
tw een 1 98 5  and 2000, wou l d  av er ag e 3 T C F  p er y ea r . B ec a u s e 
o f  th e d if f ic ul ty o f  prop er ly a s s es s ing r is k , a n t ic ip a t ed 
r a t es o f  r et ur n  h igh er than 1 0  p er c en t  may b e  r equ ir ed to 
a t t r a c t  inv es tmen t ,  a t  l ea s t  in it ial ly . M a xim um a n n u a l  pro 
d uc t ion cou l d  b e  abou t 2. 5 TCF f r om coal s eams a nd 1 T C F  
from D evon ia n  S h a l e, with n eg l ig ibl e prod uc t io n  f r om g ee
pr es s ur ed b r in es . Po t en t ia i r es erv es and prod uc t io n  from 
t ig h t  g a s  r es ervo irs wil l  b e  add it iv e  to t h e  a bo v e  es t i
ma t es .  Pr el imin a ry analy s is ind ic a t es t h a t  t ig h t  g a s  h a s  
t h e  l a rg es t  po t en t ia l  of  th e unconv en t io n a l  g a s  sourc es 
examin ed . 

• T h er e  is cons id era b l e unc er t a in t y  in t h e  es t imat es o f  r e
s erv e add it ions and prod u c in g r a t es .  An ind ic a t io n  o f  
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this uncertainty is shown by the range of estimates in Table 
1. The geologic and technical uncertainties for most 
sources are so great that resource base assessments as well 
as reserve addition and producing rate estimates for any 
specified economic condition may be substantially in error. 
Further resource characterization studies, research and 
development, and field experience will be required to 
improve prediction capabilities. 

• The rate of development of unconventional sources will be 
highly dependent on economic conditions. These sources con
tain high-cost gas which generally was not produced at past 
gas prices. As mentioned previously, these sources now 
qualify for decontrolled or incentive gas prices; however, 
current levels of gas supplies are suppressing field prices 
in certain areas. Estimates in this report assume that mar
kets will exist for the producible gas. Thus, government 
actions affecting gas usage could significantly impact the 
rate of unconventional gas development. The resolution of 
legal questions as to the ownership of coal seams and gee
pressured brines gas will also impact their development. 

Significant risk and capital requirements are also associ
ated with the development of these resources. Achievement 
of the reserve additions estimated for coal seams and Devo
nian Shale will involve capital needs in excess of $100 
billion. Such projects will have to compete for available 
funds with other energy activities, including conventional 
oil and gas exploration and production as well as other 
emerging technologies (synfuels, shale oil, etc. ). Gas will 
also have to compete with other fuels for its share of the 
market. 
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COAL SEAM S 

RE SOURCE 

Des c r iption 

Coal-b ed g as is a n at u r al byprod u c t  o f  co al f o rm at ion and c an 
b e  found in v ary ing qu an t it ies in co al s eam s ly ing b elow d r ain ag e. 
Altho ugh a larg e por t ion o f  t h e  g as t h u s  form ed h as esc ap ed to th e 
atmosph er e, a po r t io n  h as b een t r apped and r em ain s in p lac e. Co al
b ed g as mo lec u les exh ib it a h igh af f in ity for th eir p ar en t  m at er ial 
wh ic h  en ab les larg er vo lum es o f  t h e  g as to b e  s to r ed in co al th an 
in porou s m edia (s and s to n es ,  etc . )  at t h e  s am e  cond it ion s .  M eth an e  
is th e pr im ary compon en t  an d g en er ally compr is es 8 5  to 99 p erc en t  
of  th e vo lum e. It s c alor if ic v alu e v ar ies f rom 8 50 to 1 , 0 50 Bt u 
p er c ub ic foo t ;  a v alu e o f  1 , 0 0 0 w as as s um ed for th is s t ud y .  

Co al- b ed g as cont ain s on ly a s lig h t  po r t io n  (les s th an 2 p er 
c en t )  o f  th e to t al en erg y  cont ain ed by t h e  co al t hat ho s t s  it . 

M ag n itud e 

Th e c o al g as r eso urc e is in t imat ely r elat ed to th e co al r e
sourc e b as e  it s elf . On ly lim it ed c o al s eam g as con t en t  d at a  ar e 
av ailab le and th ey p er t ain mo s t ly to known , g as s y  b it um ino u s  co als . 

Tab le 2 pr es en t s  co al g as r esourc es wh ic h  h av e  be en pro jec t ed 
f rom pub lish ed u.s. Geo log ic al Su rv ey (U SGS) r eso ur c e  d at a  and from 
s t udy p ar t ic ip an t  d elib er at ion s  on th e g as con t en t  o f  co als . 

E XP LORATION RE QU IRE D TO LOCATE THE B ETTE R RE SOURCE 

A con s id er ab le amoun t o f  in form at ion p er t ain ing to t h e  g as 
prod uc ing po t en t ial o f  co al s eams exis ts and h as alr ead y  b een 
ev alu at ed d u r ing th e cour s e  o f  o il and g as d r illing ac t iv ity . 

METHODS OF RECOVERY 

Th e m ajor t echn iqu es for r ecov er ing c o al-b ed g as ar e: 

• Hyd r au lic ally s t im u lat ed v er t ic al w ells 

• Un s t im u lat ed hor izon t al ho les f rom v er t ic al s h af t s  

• Un s t im u lat ed hor izon t al ho les f rom m in e  acc es s  

• Slan t ho les th at t ermin at e  with long hor izo n t al in- s eam 
s eg m en t s . 

In ord er to m eet n ear- t erm , econom ic ally s en s ib le en erg y  n eed s ,  
th e v iab le alt ern at iv es h av e  b een r ed uc ed to eit h er h yd r au lic ally 
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TABLE 2 

Estimated In-Place Resource of Coal-Bed G as 

Coal Category 

1. 300-3,000 feet deep 
( identified and 
hypothetical) 

A. Anthracite 

B. Bituminous 

c. Subbituminous 

D. Lignite 

2. 3,000-6,000 feet deep 
(hypothetical) 

Total 

Estimated Coal 
Resource 

(Billions of 
Short Tons) 

46 

1,001 

1' 137 

504 

388 

Estimated 
Gas Content 
(Ft3/Ton) 

2 00 

200 

80 

40 

200 

Projected Gas 
Resource (TCF) 

9 

200 

91 

20 

78 

398 

s t im u l a ted v e rt ic a l  we l l s  o r  to un s t im u l ated ho riz o n t a l  we l l s  f rom 
ve rt ic a l  s ha f t s . Many e xpe rie nced c o a l  m ine ope ra to rs have e x 
p re s sed conce rn ov er t he po s s ib il ity t ha t  hyd ra u l ic a l l y  ind uced 
f rac t u re s  can impo s e  add it ional risk to s a fe and e f f ic ie n t  m in in g  
ope ra t ions . Some o f  t he few hyd ra u l ic f rac t u re s  t ha t  hav e  been 
m in ed t hro ug h  and v is ua l ly in s pe c t ed t e nd to  s u ppo rt t he con te n 
t io n s  o f  t he unpred ic tab l e  na t u re o f  hyd ra u l ic a l l y  ind uc e d  
f rac t u re s . 

The meas u red g a s  p rod uc t ion f rom ho rizo n t a l  ho l e s  is s ubs ta n 
t ia l ly g re ate r t han t hat o f  hyd ra u l ic a l l y  s t imu l a ted v e rt ic a l  we l l s  
c ompl e t ed in t he s ame s e am .  Ga s p rod uc t io n s  o f  u p  to 3 0  t ho u s an d  
c ub ic f e e t  pe r d ay (MCF /D )  pe r 1 0 0  f e e t o f  ho riz o n t a l  ho l e  l e ng t h 
and ho l e  l e ng t hs in e x ce s s  o f  1 , 0 0 0  fee t hav e  b e e n  re po rted . The 
U. S. Bu re a u  o f  Min e s  ha s a l ready d em on s t rated t he tec hn ic a l  f e a s 
ib il ity o f  un s t im u l a t ed ho rizon t a l  ho l e s  d ril l ed f rom a s ha f t  in to 
t he g a s s y  P it t s b u rg h  c o a l  sea m in no rt he rn We s t  Virg in ia . 

STUD Y  METHO DOLOGY 

In o rd e r  to re l at e  g a s  p rod uc t ion on a u n ifo rm l y  appl ic a b l e  
b a s is ,  it wa s d e c id ed t o  p ro j e c t  l ike ly g as p rod uc t io n  pe r foo t o f  
coal s e am t hickne s s . This approac h l e nd s  it s e l f to a n  e cono mic 
e v a l ua t ion d ic ta ted by t he total t hickne s s  o f  coa l - bea ring s t ra ta 
a t  any g iven l o c a t ion . 
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The a ve rage c oa l  thic k ne s s  f or e a c h c oa l- b e a ring c ou nty was 
c a l c u l a ted f rom p ub l is he d  USGS tota l in- p l a c e  c oa l  tonnag e ,  p u b 
l is hed a re a l  e x te nt of the c ou nty , a nd the c oa l  d e ns ity u p on whic h 
the USGS d a ta we re b a s e d . 

Thirty pe rce nt of the in-pl ace re s e rves l y ing a t  d ep ths of 
1 , 0 0 0  fee t or l e s s  we re e l im ina ted b a s ed on the a s s ump tion tha t 
s ha l l ow c oa l s  wou l d  c onta in l ittl e , if a ny ,  p rod uc ib l e  c oa l - b ed 
g a s . The total re s ou rce f or eac h c oa l  ra nk a s  a f u nc tion of s e am 
thickn e s s  wa s pl otted on a g raph. Hyp othe tic a l  s c e na rios f or 
mul tiwe l l  p roje c ts ,  inc l ud ing wa te r  hand l ing ,  smal l  we l l he ad c om 
p re s s ors , p ip ing , e tc . , we re empl oyed f or c os t- e s tim a ting pu rp ose s . 
An a n nu a l  ra te of p rod uc tion d e c l ine of 1 0  pe rc e nt a nd a 90 pe rc e nt 
d ril l ing s u c c e s s  ra tio we re empl oyed . A p rod uc tion l if e  of 1 2  
ye a rs and a n  ove ra l l  p rojec t l ife of 2 0  ye a rs we re u s ed in the 
e c onom ic e va l ua tions . 

G a s  p rod u c ti on a t  s i x d i f fe re n t  ra te s , ra ng i ng f rom 1 0  to 1 50 
MC F /D pe r we l l ,  we re u s e d . C os ts f or ad d - on i tems , s uc h  a s  s c rub 
b i ng ,  hig h- p re s s u re c omp re s s ion , e tc . , we re c a l cu l a te d  a nd p re 
se nted s e pa ra te ly f or e a c h c a s e  ($0 . 60 -$2 . 0 0 pe r MC F ) . A d i s 
c ou nted cas h f l ow a na ly s i s  based on the d i f fe re nt g a s  p rod u c ti on 
scenari os wa s g e ne ra te d  u s ing the f i n a nc ia l  g u id e l i ne s  e s tab l i s he d  
f or the s tudy . 

RE SULTS 

The c um u l a tive add itions to u l tim a te re c ove ry to the ye a r  2 0 0 0  
tha t a re l ikely to e vol ve d u ring the nex t 2 0  ye a rs we re p roj ec te d  
f or b oth s tim u l a ted ve rtic a l  we l l s  a nd horiz on tal hol e s  f rom ve rti 
c a l  s ha f ts .  I t  s houl d  be p ointed ou t tha t the p rod uc tions f rom 
the s e  two s c e na rios a re mu tu a l l y  e xc l u s ive . The re s u l ts a re d if f i
c ul t to p re se nt c onc is e ly in tab u l a r  f orm a nd a re thu s p re s e nted in 
g raph f orm in F ig u re s  1 a nd 2 .  

CON STRA INTS 

L e ga l  

The c oa l-bed g a s  owne rs hip is s ue is un re s ol ve d  a nd wil l ha ve to 
a wa it f in a l  c ou rt d e c is ion . A need e x is ts to re vie w  s ta te a nd 
othe r l oc a l  reg u l a tions tha t may al s o  be of imp orta nce .  

E nvi ronme nta l 

The mos t  s ig n if ic a nt e n vi ronme nta l c ons tra in t rel a te s  to the 
d ispos a l  of p rod uced wa te r. The c omp os i tion of c oa l - bed wa te r 
va rie s f rom s l ig htly ac id ic to s l ig htly a l k a l ine a nd onl y m in ima l 
k nowl ed g e  of the m ine ra l  make up i s  a va il ab l e . Whe re wa te r a va il 
ab il ity is a n  is s u e  (as in s ome we s te rn l oc a l e s ) , the wa te r tab l e 
d ra wd own bec om e s  a n  is s ue i n  its e l f .  
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Commercial 

Uncerta inties in the rate and decline of coal-bed gas are 
likely to deter the f inal izat ion of gas purchase agreements. 
Impurities such as water and carbon dioxide are also of concern 
because of their corros ive potent ial when comb ined. Gas produced 
from projects coupled with act ive min ing must be free to flow 
unencumbered to prevent gas "backup" into the mines. 

Technological 

A need exists to obta in additional baseline informat ion on the 
gas-producing character ist ics of coal reservo irs. Gas production 
rates cannot be predicted for extended periods with any degree of 
certa inty. Adequate equ ipment (product ion, handling, etc.) appears 
to be commerc ially ava ilable. A new generat ion of directional 
survey ing and drill gu idance hardware is evolving. The further 
development of these items is essential to the success of routine 
in-seam long horizontal hole drilling operations. 

MAJOR UNCERTAINTIES 

The major uncerta int ies in coal seam gas development are: 

• Long-term gas and water produc ing character ist ics from coal 
seams (rates, declines, compositional changes) 

• Environmental constraints pertain ing to the effect of and to 
the disposal of ground water 

• Coal seams be ing rendered economically unmineable by hydrau
lically created fractures 

• Gas content of nonbitum inous coal 

• Gas-producing potential of most coal seams 

• Coal-bed gas ownership. 
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DEVON IAN SHALE 

RE SOURCE 

The p rin c ipal known d e po s its of Devon ia n  Sha l e  g a s  a re conce n 
t ra ted in t he Appa l a c hian , M ic hig an ,  a nd I l l ino is b a s in s  in t he 
e a s t e rn Un ited Sta te s .  The s t ud y  rec og n iz ed d if f e re nc e s  in t he 
t hickne s s  and g a s  content v a l ue s  o f  t he d epo s its by d e l in e a t ing t he 
b l ack and g ray s ha l e  ho rizons . The b l ack s ha l e s  hav e  a hig he r g a s  
content t han t he g ray s ha l e s  and a re g ene ra l ly b e l ie v ed t o  be t he 
pred omina n t  s o u rce b ed s  o f  t he natu ra l  g a s  fo und in t he s ha l e s . 
Al t ho ug h t he a v e rag e to t a l  t hickne s s  o f  t he s ha l e  d epo s it s  in t he 
Appal ac hian b a s in is many t ime s g re a t e r  t ha n  t ha t  f o u nd in t he 
o t he r  two bas in s , a l a rg e  pa rt o f  t he d epo s it con s is t s  o f  t he 
poo re r  qua l ity g ray s ha l e s . 

The in-p l a c e  g a s  re so u rce was c a l c u l a t ed o n  a v o l ume t ric b a s is 
u s ing the app ropria te g a s  content v a l u e s  f o r  t he g ray and b l ac k  
s hal e s . Among t he t hre e bas in s , the Appal ac hian b a s in ha s t he 
g re a te s t  re so u rce po te n t ia l , v a ry in g  f rom 2 2 5  TC F if o n l y  t he b l ack 
s ha l e  a s  d e te rm ined by l og a n a lys is is con s id e red , t o  1 , 8 61 TC F if 
bot h b l ack a nd g ray s ha l e s  based on s ampl e  t hic kn e s s  a re u s e d . 
Es t ima te s fo r t he M ic hig an and I l l ino is b a s in s  we re 7 6  TC F and 8 6  
TC F ,  re spe c t iv e l y . The in-p l ace gas is not a re cov e ra b l e  re s o u rce , 
but ra t he r  p rov id e s  a means o f  ranking t he s ha l e  g a s  po t e n t ial o f  
t he t hree bas in s . 

E XPLORATI ON RE QUI RE D TO LOCATE THE BETTE R RESOURC E 

I f  f ut u re Devon ia n  Sha l e  explora t ion doe s o cc u r  on a l a rg e  
s ca l e , it wo u l d  p roba b l y  e xpand in t he Appa l ac hian b a s in a s  t he re 
is a l re ady s ig n if ic a n t  s ha l e  g a s  p rod uct io n ;  t he re fo re ,  fo r the 
purpo se o f  t his s t udy , t he p ro j e c t io n s  o f  t he po te n t ia l  fo r re cov 
e ra b l e  gas we re con f ined to t he App a l ac hian ba s in .  Al t ho ug h  
s im il a r  p roj ec t io n s  c o u l d  hav e  been mad e fo r the I l l ino is and 
Mic higan bas in s , e s t ima t e s  b a s ed on s uc h  l im ited d a t a  wo u l d  be 
hig hl y spe c u l a t iv e . 

METHO DS OF RECOVE R Y  AN D STUDY METHO DOLOGY 

His to ric a l  p rod uc t ion d a ta f rom approx ima t e l y  2 , 7 0 0  o u t  o f  some 
9 , 0 0 0  De von ian Sha l e  we l l s  in t he fo u r- s ta te a re a  o f  Ke n t u c ky , We s t  
Virg in ia , O hio , and New Yo rk p rov id ed a s ub s ta n t ia l  d a t a  b a se in 
dev e loping t he m e t hodology f o r  f u t u re p rod uc t io n . A p rod u c t io n  
mo de l  us ing a hype rb ol ic d e c l ine con f ig u ra t ion a l lowed we l l  pe r
f o rmance to be re p re se n ted by a s ing l e  va riab l e . The b l ack s ha l e  
t hickne s s  and we l l  pe rfo rmance p rov id ed t he co rre l a t ion to p red ic t 
poten t ia l  p rod uc t io n  f rom e s t imates o f  t he b l ac k  s ha l e  t hic kne s s  in 
t he und ril l ed a re a s , t a k ing in to account s uc h  pa rame te rs a s  wel l 
spac ing , s uc c e s s  ra t io ,  and l and s acce s s ib l e  f o r  f u t u re d ril l ing . 
The p red ic ted we l l  pe rfo rmance , e x t ra c t ed f rom his to ric al d a ta , 
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rep re s e n t s  t he p rov e n  s t ate- o f- t he- a rt "t ra dit io n a l " te c hn ol ogy . 
This tec hno l o g y  c o u l d be cons ide re d mo re c e rt a in t ha n  t he o t he r  two 
hig he r l ev e l s  o f  t e c hno logy p re se n te d in t he s t u dy .  Co nv e n t io n a l  
tec hno l ogy re p re se n t s  t he n e x t  l ev e l  beyo n d  t ra dit io n a l  a n d  is 
de f ine d a s  imp rovem e n t s  in tec hnology w hic h c o u l d re a s o n a b l y  b e  
e x pe c t e d t o  o c c u r. This wa s ac hieve d b y  u pg ra ding t he t ra dit io n a l  
we l l  pe rfo rmance b a s e d o n  we l l  s t imu l a t ion re s u l ts p ub l is he d  b y  E .  
o. Ray (19 7 6 ). The so u rce o f  we l l  da ta in Ra y ' s a n a l y s is wa s t he 
p rima ry s ha l e- p ro duc ing a re a s  a n d  it rem a in s  to be de t e rm in e d 
w he t he r  s im il a r  imp rov eme n t s  can be ac hieve d  in t he o t he r  s hal e 
a re a s . The t hird l ev e l  o f  te c hno logy , ide n t if ie d  a s  t he a dv an c e d 
te c hnology c a s e , wa s dev e lope d f rom v e ry l im it e d  s t im u l a t ion an d 
e xp l o ra t ion re s e a rc h  re s u l ts . F rom t his da ta it was a s s ume d t ha t  
a dv a nc e d  te c hno l ogy wo u l d do u b l e  t he imp rov eme n t  o f  conv en t io n a l 
tec hnology ov e r  t ra dit io n a l  tec hno l og y .  This ac hie v em e n t  wo u l d in 
a ll l ik e l ihoo d re qu ire s ig n if icant b reakt hroug hs in e it he r  o r  bot h 
p ro duc t ion an d e xplo ra t ion te c hn ique s .  

RE SULTS 

The po ten t ia l  a ddit ion s  to re se rv e s  t ha t  may po s s ib l y  b e  deve l 
o pe d a t  v a rio u s  p ric e l e v e l s ,  rang ing f rom $2 . 50 t o  $9 . 00 pe r 
MM Bt u , we re de te rm in e d  as  a f unc t ion o f  ra te o f  re t u rn (RO R) a n d 
t e c hnology in cons t a n t  J a n u a ry 1, 19 7 9 ,  do l l a rs .  At a 10 p e rcent 
ra te o f  re t u rn ,  t he e s t ima t e d re cov e ra b l e  re s e rv e s  u n de r  t ra di
t io n a l  tec hno logy at a p ric e o f  $2 . 50 p e r  MMB t u  is 3 TCF ;  t his 
inc re a s e s  t o  3 9  TCF at  t he max imum p rice o f  $9 . 00 pe r MMB t u  w it h  
a dv ance d tec hn o l ogy . 

The p ric e s  a t  w hic h s uppl ie s  c o u l d be dev e lo pe d rep re s en t  t he 
f ie l d p rice pa id to t he p ro duce r e xc l u s ive o f  c omp re s s ion a n d  
s uc t ion p ipe l ine f a c il it ie s . I f  t he s e  f a c il it ie s  a re t ake n into 
cons ide rat ion , t he inc reme n t a l  a dd-on cos t wo u l d ra nge betwee n 
$0. 4 9  a n d  $0. 6 8  p e r  MMBt u  a t  t he $2 . 50 a n d  $9 . 00 p rice l ev e l s , 
re spec t iv e ly . 

Po s s ib l e  p ro duc t ion vol ume s av a il ab l e  f rom t he e s t ima t e d  po te n 
t ia l  re s e rv e s  we re de riv e d  a s  a f unc t ion o f  t he dril l ing a c t iv ity . 
The mo de ra te dril l ing scena rio a s s ume d t ha t  t he n umbe r o f  rig s 
woul d in c re a s e  a t  a ra te o f  12 pe rcent pe r ye a r; t his re f l e c ts t he 
rig g rowt h ra te e xpe rie n c e d  in t he Appa l ac hian b a s in be twe e n  19 7 3  
a n d  19 79 . Un de r t his drill ing sc he du l e, 9 , 000 p ro duc t iv e  s ha l e  
we l l s  wo u l d be in p l a c e  b y  19 9 0  wit h  ann u a l  p ro duc t ion o f  14 0 b il 
l ion c ub ic f e e t  (B CF ) a s s um ing conv en t io n a l  t e c hn o l og y . By t he 
yea r 2 , 000, t he re wo u l d b e  3 6 , 000 wel l s  p ro duc ing a t  a ye a rl y  ra t e  
o f  4 7 0  B CF . Co n s ide ring t he s ame dril l ing s c he du l e  b u t  dif fe re n t  
tec hno l og ie s , p ro duc t ion in t he yea r 2 000 wo u l d  be 3 8 0  B CF fo r t ra 
dit io n a l  tec hnology an d 6 00 B CF f o r  a dvance d  tec hn o l og y . 

A s e con d dril l ing sc he du l e  (high rig g rowt h) was dev e l ope d to 
il l u s t ra t e  t he re qu ire d dril l ing ac t iv ity to dev e lop e s se n t ia l l y  
a l l  o f  t he De von ian Sha l e  re s e rv e s  p rice d u p  to a n d  inc l u ding $9 . 00 
g a s  du ring t he n e x t  2 0  ye a rs . With conv e n t io n a l  tec hno l ogy , 
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prod uc t ion in 19 9 0  wo u l d  be 550 BCF f rom 3 7 , 000 p rod uc ing we l l s  and 
wo u l d  inc r e a s e  to 1, 000 BC F pe r year f rom 12 6 , 000 we l l s  by t he year 
2 000. 

CON STRA I NTS 

Sig n if ic a n t  por t ions of t he pre s e n t l y  e conom ic a l l y  compe t it ive 
Devon ian Sha l e  areas are und er l e a s e  and d emand w il l  d ic ta te w he n  
t he gas w il l  be prod uced , irre spec t ive o f  pr ic e .  O t he r  a r e a s  l a c k  
imme diate l y  av a il a b l e  p ipe l ine s .  The s e  two con s tra in t s  a r e  bar 
r ie r s  to t he immed iate d ev e lo pment o f  Devon ia n  Shal e . Sev e r a l  ec o 
no mic fac to r s  repre s e n t  add it ional cons t r a in t s : t he 10 p e r c e n t  
RO R, whic h  is cons id e red repre s e n t a t ive o f  low- r is k  prod uc t ion , may 
not be s u f f ic ie n t  for d r il l in g  in t he unpr ov en a r e a s , and c ur r e n t  
s uppl ie s  o f  g a s  a r e  s uppre s s ing f ie ld pr ic e s  for n a t u r a l  g as . 
Al so , t he g a s  pr ic in g  s t r uc ture und e r  t he N a t u r a l  Ga s Po l icy Ac t 
ha s no t been in e f f e c t  l o ng eno ug h for prod uc t ion b u il d up , and pr o 
d uc t ion w il l  proba b l y  come f ir s t  from t he t ig ht s a nd s tone form a 
t ion s r a t he r  t han f r om t he more r isky Devon ia n  Sha l e . 

Env iro nme n t a l  and l eg a l  cons t r a in t s  are no t m a j or pro b l ems a nd 
c an be d e a l t w it h  in t he normal co urse o f  e xp l or a t ion w it h  a m in i
m u m  o f  d e l ay .  Soc ioe conom ic con s id e r a t ions a r e  b e ne f ic ia l  t o  a 
reg ion w hic h is econom ic a l l y  d epre s sed , a l t ho ug h some t emporary 
d e l ays in o b t a in ing ade qu a t e l y  t r a ined pe r so n n e l  may d ev e lo p .  If 
his to r ic a l  trend s are r e a l is t ic pred ic to r s , n e it he r  r ig av a il ab il 
ity nor inve s tme n t  c a p it a l  wo u l d  con s tr a in d ev e l o pment . 

MAJO R UNC E RTA INTI E S  

The ma j or unce r t a in t ie s  to t he rapid d e v e l opme n t  o f  De von ia n  
Sha l e  a r e  pr imar ily tec hn ic a l  in nat ure . Explora t ion proc ed ure s 
for loc a t ing n a t u r a l  frac tured s ha l e  are poor , c onv e n t io n a l  s t im u 
l a t ion tec hn ique s  have no t b e e n  d emons trated w it h  c e r t a in ty , an d 
pre se n t  l ogg ing tec hn ique s  o ften g iv e  amb ig uo u s  re s u l ts w he n  id en 
t ifying pote n t ia l  prod uc ing zone s . The r e  is con s id e r a b l e  un ce r 
t a inty a s  to t he amoun t o f  tec hn ic a l ly r e coverab l e  g as s in c e  muc h 
of  t he Devon ia n  Sha l e  re source is no t only unprov ed b u t  no t 
d r illed . Whe t he r  t he pro j ec te d e s t imate s o f  g as c a n  b e  prod uced 
wil l  d e pe nd u pon t he d emon s t r a t ion o f  f e a s ib l e  e x trac t io n  and 
e xplor a t ion tec hno l og y .  
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GEO P RE SSU RE D  B RI NE S  

RE SOURCE 

Geopre s s u red brine re s e rvo irs a re u nd e rg ro und re s e rvo irs w hic h  
con t a in ho t s a l t wa te r a t  a p re s s u re g rad ie n t  g re a te r t han . 4 6 5  
pound s pe r s qu a re in ch (ps i) pe r foo t o f  d e p t h. The re so u rce bas e  
is hug e . Ge opre s s u red brine re s e rv o irs a re known to e x is t  in t he 
Te rt ia ry d e po s it s  o f  t he Lo u is ian a-Te x a s  Gul f  Co as t ;  t he M is s is 
s ipp i Sa l t  bas in o f  M is s is s ipp i and Al a bama ;  d e e p  Me so zo ic f o rm a 
t ion s o f  t he San Joa qu in Val le y  o f  Cal if o rn ia ; t he Wind Riv e r ,  
P iceance , Gree n  Riv e r, U in t a , a nd B ig Ho rn bas in s  o f  t he Ro cky 
Moun t a in a re a ;  and t he Tu sc a loos a-Wood bine fo rma t io n  a lo ng t he Gul f  
Coas t .  

Based upon e x te n s iv e  g eo l og ic d a ta , t he Lo u is iana-Te x a s  Te rt i
a ry t re nd ha s by f a r  t he 'mo s t  po ten t ia l  a nd p rov id e s  t he be s t  
oppo rtun ity f o r  re so u rce d ev e l opmen t .  This t re nd e x is ts in a band 
appro x ima t e l y  50 to 70 m il e s  w id e  s t radd l ing t he coas t l ine f rom 
sou t he rn Te x a s  to t he mou t h  o f  t he M is s is s ipp i Riv e r. The sed i
men t s  a re known to e x is t  to a t hickne s s  o f  50 , 0 0 0  f ee t ;  howev e r ,  
t he a ctual  p ro spe c t iv e  re s e rv o ir t hic kne s s  wo u l d  be f rom 50 0 t o  
1, 0 0 0  f ee t . I n  t his s t udy , t he se brine s a re a s s umed t o  be s at u 
rated wit h  n a t u ra l  g as . 

EXPLORATI ON RE QU I RE D  TO L OCATE THE BE TTER RE SO URCE 

The l a rge e x is t ing d a t a  bas e  fo r Te rt ia ry s a nd s tone re s e rvo irs 
in t he Gu l f  Co a s t  a re a  ha s e n a bled g e o l og is t s to l o c a t e  t he be s t  
prospe c t s  f o r  d ev e lopm e n t . This d a ta ba s e , w hic h  re s u l ts f rom mo re 
t han 10 , 0 0 0  p e ne t ra t io n s  to e xp l o re fo r and d ev el op g eo p re s s u red 
o il and g a s  re s e rvo irs , ha s p rov ided knowl edge o f : 

• Re s e rv o ir t empe ra t u re 

• Re se rvo ir p re s s u re 

• Re se rvo ir qua l ity 

• Co s t  d a ta . 

Sev e ra l  fac to rs c rit ic a l ly impo rta n t  to c omme rc ial d ev e l o pme n t  
a n d  prod u ct ion o f  g eopre s s u red brin e s  a re n o t  known a n d  m u s t  be 
re solved . The se f a ctors a re :  

• Con t in u it y  o f  t he re s e rvo ir wit hin a f a u l t blo c k  

• Amou n t  o f  n a t u ra l  g a s  and m ine ra l s  in so l u t io n  in t he brine 

• Re cove ry f a c to r .  
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The De pa r tm e nt o f  Energ y we l l s  o f  oppo r t u nit y  a nd d e s ig n  t e s t  
we l l s  prog r ams hav e  in t he pas t a nd w il l  c o nt inue to o b ta in d ata in 
t he se u nce r t a in are as . 

ME THOD S OF RE COVERY 

Dev e lopme nt o f  a g eopr es s ured br ine re s e rvo ir wo u l d  c o ns is t  o f  
d r il l ing a nd t he n  prod uc ing , b y  na t u r a l  f l ow , t he ho t s a l t wa t e r  
from d e e p  we l l s ;  c o nve r s io n  o f  t he g eo t he rm a l  e ne rg y  t o  e l e c t r ic it y  
(w he n e co nom ic ) ; s e par a t io n  o f  t he me t ha ne f rom t he wa te r ;  s a l e  o f  
t he me t ha ne ; a nd u nd e rg ro u nd d ispo s a l  o f  t he prod u c ed wa te r . 

STUDY M E THOD OL OGY 

The s t u dy par t ic ip a nts mad e  a d e t a il ed e ng ine e r ing appr a is a l  o f  
t he 11 be s t  pro s pe c t s  id e nt if ied b y  t he U niv e r s it y  o f  Tex a s  a nd 
Lo u is ia na St ate U niv er s it y  u nd e r  t he f u nd ing o f  t he De pa r tm e nt o f  
E ne rg y . 

The s e  pro s pe c t s  we re e x am ine d in d e t ail to d e t e rm ine t he 
f o l lo wing : 

• Re s e rv o ir pe r fo rm a nce 

• Dr il l ing prog ram s 

• Pr oduc t io n  a nd wa t e r  d ispo s a l  m e t hod s 

• Ge o t he rmal a nd hyd ra u l ic e ne rg y po te nt ia l  

• Pr od uc ing r a t e s  a nd re coverab l e  r es e rv e s  

• Co st e s t im a t e s  a nd e c o nom ic s  o f  f ie l d  d ev e l opm e nt . 

RE SULTS 

Based u po n  t he 11 be s t  pro s pe c t s  a nd o n  a n  e x trapo l a t ion o f  
t he ir d a ta , it was c o nc l ud ed t ha t  it is po ss ib l e  t o  d ev e l o p  a nd 
prod uc e some g eopre s s ured br ine re s e rvo irs a t  g a s  pr ic e s  r a ng ing 
f rom $4 . 0 0 t o  $9. 0 0 /M CF a t  a 10 perce nt (rea l )  r a t e  o f  r e t u rn o n  
inv e s tme nt . 

The mo s t  opt imis t ic c a s e  pred ic ted g a s  r a t e s  o f  5 4  MM CF pe r d a y  
in 1990 a nd 8 1  M M CF p e r  d a y  b y  t he ye ar 2 0 0 0 . U l t ima te recov e r y 
for t his c a s e  wo u l d  b e  56 8 B CF. 

The l e s s  opt imis t ic ,  "Lowe r  Med ia n  Ca s e , "  w hic h  appe a r s  to be 
t he mo st l i ke l y  f rom te s t s cond uc ted t hus f a r  on two De pa r t me nt o f  
Ene rg y  we l l s  o f  oppo r t u nit y  a nd one d e s ig n  te s t  we l l , pr ed ic ts 
s a l e s  g a s  rate s o f  18 M M CF o f  g as pe r d a y  b y  1990 a nd 2 3  M M CF o f  
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g as pe r d a y  b y  t he ye ar 2 0 0 0 .  
wo u ld be 2 4 0  B CF .  

CONSTRAI NTS 

U ltimate recov e r y f rom t his c a s e  

No tec hnic a l  c o ns tra int s t o  d r illing a nd prod uc ing g eopre s s ured 
r e s ervoir s  we r e  f o u nd .  Lo c a t ing larg e f a u lt b lo c k s  c o nta ining 
s a nd s  o f  hig h pe rm eab ilit y is t he maj or prob lem in ac hiev ing s ig 
nif ica nt p rod uc t io n. 

MAJOR U NCERTA I NTI E S  

The maj or u nc e r t a int ie s in g eopre s s ured br ine d ev e lo pm e nt are : 

• Re se rv o ir c o nt inu it y  w it hin a f a u lt b lock 

• Re s e rvo ir qua lit y 

• Re cove r y  f a c tor 

• Po s s ib ilit y t hat t he geopre s s ured br ine s  a r e  s at ura ted w it h  
me t ha ne 

• Sa nd prod uc t io n  

• Co rro s io n  

• Sc a le . 

The c ur re nt De par tme nt o f  Energ y t e s t  prog ram is a imed a t  
re so lv ing some o f  t he s e  u nc e r t a int ie s . 
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T IG HT GA S RE SERVO IR S PRELIM INARY PROGRE SS RE PORT 

RE SULTS 

This prog re s s  re port de a ls wit h  a s t u dy o f  u n disc ov e r e d t ig ht 
g as . T he fo llowing pre liminary e s tima t e s  hav e  n o t  rece iv e d  f ina l 
a pprova l  o f  t he s t u dy pa rt ic ipants . T he s t u dy pa r t ic ipan t s  hav e  
s t u die d 12 t ig ht g as b a s in s  o u t  o f  t he 113 u.s. b a s in s  a n d  prov 
inc e s  t ha t  pro duce g a s . T he t ig ht g a s  in t he s e  12 b a s in s  is co n 
t aine d  in 80 s ub- bas in s . Of t he s e , 69 hav e  b e e n  e v a lua te d. 

As s hown in Ta b le 3 ,  t he s t u dy g ro u p  r e po r t e d po te n t ia l  re 
s e rve s for t he s e  69 s u b- ba s ins , for a 15 pe r c e n t  r a te o f  r e t ur n  
r a t he r  t han t he 10 a n d  20 per c e n t  r a t e s  s hown f o r  t he o t he r  t hree 
unconve n t iona l  g a s  so u r c e s  in Ta b le 1. 

Pr ic e 
($/M CF )  

2. 5 0  

5 . 0 0 

9. 0 0  

TAB LE 3 

Re covera b le T ig ht G a s  
(Con s tan t 197 9 Do llar s )  

Ba se Ca se 
(T CF ) 

114 

164 

184 

Adv anc e d  Ca se 
(T CF ) 

15 0 

220 

24 9 

There are 3 1/2 million s e c t ions in t he 113 u.s. g as- pro duc ing 
bas in s . T he pe r c e n t ag e  o f  t he bas in area conta in ing t ig ht g a s  
v ar ie s  fro m 2 to 5 0  pe r c e n t  o f  t he b a s in a r e a . If 3 per c e n t  o f  
t his area pro duc e d  t ig ht g a s  a t  5 b illion c ub ic f e e t  pe r s ec t ion , 
t he re co u ld be ov e r  5 0 0  T CF o f  recov e rab le t ig ht g as a t  wor ld 
energy pr ice s . 

T he pre liminary re s u lt s  s t ro ng ly in dic a t e  t ha t  g a s  re s e rve in 
c re a s e s  are abo u t  e qua lly de pe n dent on pr ic e inc r e a s e s  a n d a s uc 
ce s s f u l  r e s e a r c h a n d dev e lo pme nt prog r a m. 

PRE L IM INARY CONCLU SIONS 

• The amou n t  o f  recov erab le t ig ht g a s  is larg e ,  probab ly in 
t he r a ng e  o f  20 0 - 5 0 0  T CF .  

• T ig ht g a s  is tec hn ic a lly recoverab le u s ing la rge hy dr a u lic 
f r a cture s , 1, 0 0 0 -4 , 0 0 0 f e e t  long fro m we ll to t ip. 
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• Produc t io n  of  some t ig ht g a s  c a n  beg in a t  c u r r e nt F e d e r a l  
E ne rgy Reg u l a to ry C ommis s io n  (F ERC ) inc e nt ive pr ic e . 

• Pro d uc t io n  o f  mos t  o f  t he t ig ht g a s  c o u l d  b e g in wit hin f ive 
ye a r s  at wo r l d  e ne rgy pr ice s .  

• The f ir s t  new s u ppl ie s of t ig ht ga s w il l  c ome f rom b a s ins 
now pro d uc ing dec l ining amo u nts o f  co nv e nt io na l ga s .  

• I nc r e a s e d  pipe l ine c a pa c ity wil l  be r e qu ire d  to pro d uce t he 
l ar g e  po te nt ia l  t ig ht ga s r e s e rv e s  in t he we s te r n  b a s ins . 

STUDY METHODO LOGY 

The me t hod of s t udy was to ide nt ify forma t io ns co nta ining t ig ht 
g as in e a c h  bas in; in mos t  b a s ins t he r e  a re seve r a l  of  t he s e . I n  
ma ny are a s , s eve r a l  of  t he s e  forma t io ns oc c ur toge t he r  in t he s e d i
me ntary s e c t io n. W he re pra c t ic a l  to d o  so , we l l s  we re a s s ume d to 
be c om pl e ted in m ul t iple fo rma t io ns , t hu s  improv ing t he e c o nomic s .  

Forma t io ns co ns id e r e d  prod uc t ive had ve ry l ow pe rme ab il it ie s , 
in t he r a ng e  o f  0 .3 to 0 .0 0 0 0 1  mil l id a r c ie s .  The produc t io n  from 
gas we l ls c om pl e ted in s uc h  t ig ht s a nd s  d e c l ine s r a pid ly .  A l so , 
clos e s pac ing ,  f r om four to 12 we l ls pe r s e c t io n, wa s u s ua l ly re 
qu ired to r e c ove r a s ubs t a nt ia l  par t  o f  t his ga s .  

PIPE LI NE CO NSTRAI NTS 

A roug h e s t ima te of e x c e s s  pipe l ine c apa c ity in t he va r io u s  
r e g io ns wa s mad e . E x ce s s  c a pa c ity is s ub s t a nt ia l  in t he o l d e r  pro 
d uc ing are a s  o f  Lou is ia na ,  Te x a s , a nd New Me x ic o .  A l l o f  t he t ig ht 
gas pre s e nt ly e s t ima ted by t he s t udy par t ic ipa nts to b e  pro d uc ib l e  
in t he s e  are a s  (7 TC F a t  $2 .50 /MCF a nd 15 TC F a t  $5.0 0 /M C F )  cou l d  
f low o u t  in 10 ye a r s .  Na t ur a l ly , it c o u l d  no t b e  d iscovered or 
prod u c e d  t his f as t ,  b u t  pl e nty o f  e x c e s s  pipe l ine c a pa c ity e x is ts .  

Ove r 90 pe rce nt of  t he l ow- pr ice d  g a s  (10 7 TC F a t  $2 .50 /MCF a nd 
14 9 TC F a t  $5.0 0 /MC F )  is e x pe c t ed to come f r om t he Mo nta na a nd 
Ro cky Mou nt a in reg io ns a nd no t more t ha n  0 .4 TC F pe r ye a r  cou l d  be 
d e l ive r ed t hr o u g h  pipe l ine s  ava il a b l e  be fore 198 5. F o r  t he Mo nta na 
a nd Rocky Mou nt a in r eg io ns ,  new pipe l ine s  wil l be r e qu ired . 

I f  ma j o r be hind - t he -pipe t ight g a s  r e s e rv es ,  no t inc l ud ed in 
t he 12-bas in e s t ima te , are d iscove red in t he s ou t hwe s t  in t he ne a r  
f ut ur e , t he pipe l ine ca pa c ity e x is t s to d e l iv e r  u p  t o  1.5 TC F p e r  
ye a r  of  add it io na l  g a s . 
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• 
Department of Energy 
Washington, D.C. 20585 

Dear Mr. Chandler: 

APPENDIX A 

June 20, 1978 

An objective of the energy supply initiatives of the 
President's energy policy is to promote domestic energy pro
duction from unconventional sources as well as from conven
tional sources. One of the areas to be encouraged is the 
recovery of natural gas from unconventional sources. 

In the past, the National Petroleum Council has provided 
the Department of the Interior with appraisals on the extent 
and recovery of the Nation's oil and gas resources through 
such studies as Future Petroleum Provinces, U. S. Energy Out
look, Ocean Petroleum Resources, and Enhanced Oil Recovery. 

Therefore, the National Petroleum Council is requested to 
prepare, as an early and important part of its new relation
ship with the Department of Energy, a study on unconventional 
sources of natural gas to include deep geopressured zones, 
Devonian shale, tight gas sands, and coal seams. Your analy
sis should assess the resource base and the state-of-the-art 
of recovery technology. Additionally, your appraisal should 
include the outlook for costs and recovery of unconventional 
gas and should consider how Government policy can improve the 
outlook. 

For the purpose of this study, I will designate the Deputy 
Assistant Secretary for Policy and Evaluation to represent 
me and to provide the necessary coordination between the 
Department of Energy and the National Petroleum Council. 

Sincerely, 

�� �. AL.t.__ --� J � James R. � 
Secretary 

Mr. Collis P. Chandler, Jr. 
Chairman, National Petroleum 

Council 
1625 K Street, N. W. 
Washington, D.C. 20 0 0 6  
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DE SCR I PT I O N  OF T HE NAT I O NAL PETROLEUM COU NCI L 

I n  May 194 6, the Pre s ide n t  s ta te d  in a le tte r to the Sec r e ta ry 
o f  the I n te r ior tha t he ha d been im pre s s e d by the c o n tr ib u tio n  m a de 
thro ug h g ov e r nmen t/in du s try coo pe r a tion to the s uc ce s s  o f  the Wo r ld 
Wa r I I  pe tro le um prog ram . He fe lt tha t it wo u ld b e  bene fic ia l if 
this c lo s e  r e la tion s hip we re to be con tin u e d  a n d  s ug g e s te d  tha t the 
Se cre tary o f  the I n te r ior e s tab lis h a n  in dus tr y  o rg a n iz a tion to a d
v is e  the Sec r e ta r y  o n  o il a n d  n a tura l  ga s ma tte r s . 

Pur s uan t to this re que s t, I n te r io r  Sec r e tary J. A .  Kr ug e s ta b 
lis he d the Na tiona l Pe tr o le um Co unc il (NPC) o n  Ju ne 18 , 194 6. I n  
Oc tobe r 197 7 ,  the De par tmen t  o f  En e rg y  was e s tab lis he d a n d  the 
Co unc il's fun c tio n s  we re tr a n s fe r r e d to the ne w de pa r tm e n t. 

The pur po se o f  the NPC is so le ly to a dv is e , in fo rm , a n d  make 
r e c omme n da tion s  to the Sec re tary o f  Ene rg y  o n  a n y  ma tte r , re que s te d  
by him , r e la ting to pe tro le um or the pe tro le um in dus try . The Co un 
c il is s ub j e c t  to the prov is io n s  o f  the Fe de r a l  A dv isory Comm itte e 
Ac t o f  197 2. 

Ma tte r s  whic h the Se cre tary o f  Energy wo u ld like to hav e  con 
s ide r e d  by the Co unc il a re s ubm itte d a s  a re que s t  in the fo rm o f  a 
le tte r o u tlin ing the n a tu r e  a n d  s c o pe o f  the s tu dy .  T he re que s t  is 
the n re fe r r e d to the NPC Ag e n da Comm itte e , whic h make s a r e c omme n 
da tio n  to the Co unc il. T he Co unc il re s e rv e s  the r ig ht to dec ide 
whe the r o r  no t it will cons ide r any ma tte r re fe r r e d to it. 

Ex am ple s o f  r e c e n t m a j or s tu die s u n de r ta k e n  by the NPC a t  the 
r e que s t  o f  the De pa r tm e n t o f  the I n te r ior a n d the De pa r tm e n t  o f  
Ene rgy inc lu de : 

• Pe tro le um R e s o u r c e s  U n de r  the O ce a n  F loor (1969, 197 1) 
L a w  of the Sea (197 3 )  
O ce a n  Pe tro le um R e so u r c e s  (197 4 ,  197 5) 

• E nv ironmen ta l  Con s e rva tion -- T he O il a n d Ga s I n du s tr ie s  
(197 1, 197 2) 

• u.s. E ne r gy O u tlook (197 1, 197 2) 

• Emergenc y Pre pa re dn e s s  for I n te rru ptio n  o f  Pe tro le um I m po r ts 
in to the U n ite d Sta te s (197 3 ,  197 4 )  

• Pe tro le um Storage for Na tiona l Se c u r ity (197 5) 

• Po ten tia l for E ne rg y Con s e rv a tion in the U n ite d Sta te s :  
197 4 -197 8 (197 4 )  
Po ten tia l for E ne rg y Con s e rva tion in the U n ite d Sta te s :  
197 9-198 5 (197 5) 

• E n ha nc e d O il Recover y (197 6) 
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• Ma te r ia ls a nd M a npowe r R e qu ireme nts (1 97 9 )  

• Pe tro le um Stora ge & Tra ns po r ta tio n Capac itie s (1 97 9) . 

The NPC doe s  no t co nc e r n its e lf with tra de pr a c tic e s ,  nor doe s  
it e ng ag e  in a ny o f  the u s u a l  tr a de a s soc ia tio n  a c tivitie s . 

Memb e r s  o f  the Na tio na l  Pe tro le um Co u nc il a r e  appo inte d by the 
Se c r e tary o f  E nergy a nd repre s e nt a ll segme nts o f  pe tr o le um inte r 
e s ts .  The NPC is he a de d  b y  a Cha irma n a nd a V ic e  Cha irma n  w ho a r e  
e lec te d  by the Co u nc il. The Co u nc il is s uppo r te d  e ntir e ly by vo l
u ntary co ntr ibu tio ns from its memb e r s . 
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NAT I O NAL PE TROLE UM COUN CI L  
MEM BERS H I P  

Ja ck H. Abe rna thy 
Vice Cha irma n 
E n t e x , I n c . 

Ja ck M . Al l e n, Pre s ide nt 
Alpar Re source s ,  I n c . 

Robe r t  0. An de r son 
Ch a irma n  of the Bo a r d  
Atlan t ic Rich f ie l d Com pa ny 

R. E . Ba il ey 
Ch a irma n  an d 

Ch ie f Exe cu t ive O f f ic e r  
Co noco I n c . 

R. F . Baue r 
Ch a irman o f  the Boar d  
G l ob a l  Ma r ine I n c . 

Rob e r t  A .  Be l fe r , Pre s iden t 
Be l c o  Pe tro l e um Co r pora t ion 

Harol d E .  Be rg 
Ch a irma n  o f  the Bo a r d  a n d  

Ch ie f E xe cu t ive Of f ice r 
Ge tty O il Com pany 

Joh n  F .  Booko u t  
Pre s ide n t  a n d  

Ch ie f Exe cut ive O f f ic e r  
She l l  O il Com pa ny 

W. J. BO\•le n 
Ch a irma n  o f  the Bo ar d 

a n d Pre s ide n t  
Tr ansco Com pa n ie s  I n c . 

Ho wa r d  Boy d 
Cha ir ma n o f  th e 

E x e c u t iv e  Commit tee 
The E l  Pa so Com pa ny 

I .  Jon B r um l ey 
Pr e s ide n t  an d 

Ch ie f E x e cu t ive Of f ic e r  
Sou th l a n d  Roya l ty Company 

198 0 
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Theo dore A . Bu r t is 
Ch a irma n ,  Pre s ide n t  an d 

Ch ie f E x e c u t iv e  O f f ic e r  
Sun Compa ny , I n c . 

Jame s ,  C. Ca l away , Pre s iden t  
Southwe s t  M ine r a l s , I n c . 

Jo hn A .  Ca rve r ,  Jr . 
Direc tor o f  t h e  Na t ura l 

Re sou r c e s  Pr og ram 
Col l e ge o f  La v; 
Un ive r s ity o f  De nve r 

C. Fre d Ch am be r s , Pre s ide n t  
C & K Pe tro l e um , I n c . 

Co l l is P. Ch a n dl e r , Jr . 
Pr e s ide n t  
Cha n dl e r  & As soc ia t e s , I n c . 

E .  H. Cla rk ,  Jr . 
Ch a irma n  o f  t he Bo a r d  
Pre s ide n t  a n d  

Ch ie f E x e cu t iv e  O f f ic e r  
Bake r I n t e rn a t io n a l  

E dwin L .  Co x 
O il a n d  Ga s Pro du c e r 

Roy T . Dur s t  
Con s ul t in g  Eng inee r 

Jame s W . Emison , Pre s ide n t  
We s te r n  Pe t ro l e um Com pa ny 

Jame s H. E v a n s , Ch a irma n  
Un io n  Pac if ic Corpo ra t io n  

Joh n  E. Fah er ty , Pre s ide n t  
Crown O il a n d  Ch em ic a l  Com pa ny 

Frank E .  F it zs immo n s  
Ge ne r a l  Pre s iden t  
I n te r na t io n a l  Brothe rhoo d 

o f  Te ams t ers 



Jo hn S. Fos te r ,  Jr . 
Vice Pre s ide n t  
Sc ie nce a n d Te c hno logy 
TRW I n c . 

R .  I .  G a l l a n d 
C ha irman o f  t he Boa r d  
Ame r ican Pe trofina , I n cor po ra t e d 

C .  C .  Garv in ,  J r . 
C ha irman o f  t he Boa r d  
Exxon Corpo r a t ion 

Jame s F .  Gary 
C ha irman a n d  

C hie f E x e c u t ive O ffic e r  
Pac ific Re sourc e s ,  I n c . 

Me l vin H. Ge r t z , Pre s ide n t  
Guam O il & Re fin ing Com pany , I n c . 

R ic ha r d  J .  Gon z a l e z  

Robe rt F .  Go s s ,  Pr e s ide n t  
O il ,  C hemic a l  a n d Atomic Wo rke rs 

I n ternat ional Un io n  

F .  D .  Go t t wa l d, Jr . 
Chie f  E x e cu t ive O ffic e r , 

C ha irma n  o f  t he Bo a r d  a n d  
C ha irman o f  E x e c u t ive Committee 

E t hyl Co r po r a t ion 

Dav id B. Gra ham 
De pu ty Gene r a l  C o un s e l  

Ve l s icol C hemic a l  C o r po r a t ion 

Maur ice F .  Granv il l e 
C ha irman o f  t he Boa r d  
Te xaco I n c . 

Fr e de r ic C .  Ham il to n , Pr e s ide n t  
Ham il ton Bro t he r s  O il Compa ny 

Arman d Hamme r 
C ha irma n o f  t he Boar d an d 

Chie f  E x e c u t ive O ffic e r  
Oc c ide n tal Pe t r o l e um C o r por a t io J  

Jake L. Hamon 
Oil an d Ga s Pro duce r  

Jo hn P. Ha rb in 
C ha irma n  o f  t he Boar d a n d 

C hie f  Exe cu t iv e  O ffic e r  
Ha l l ibur ton Com pa ny 
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Fre d L.  Har tl e y  
C ha irma n  an d Pre s ide n t  
Un io n  O il Com pa ny o f  C a l ifo rn ia 

Jo hn D .  Ha u n , Pre s ide n t  
Ame r ic a n  As soc ia t ion 

o f  Pe tro l e um Geo l o g is t s  
cjo G e o l ogy De par tme n t  
Col o r a do Sc hoo l  o f  M ine s 

De n is Haye s 
E x e cu t ive D irec tor 
So l a r  Ene rgy Re s e a rc h I n s t it u t e  

H .  J .  Hayne s 
C ha irma n  o f  t he Bo a r d  
Stan dar d O il Com pa ny 

o f  C a l ifo r n ia 

Rob e r t  A .  He fne r  I I I  
Ma n ag ing Pa r t n e r  
GHK C ompa ny 

Ro b e r t  R .  He r r in g  
C ha irman o f  t he Boa r d  an d 

C hie f  E x e cu t iv e  O fficer 
Hou s to n  Na t ur a l  Gas Cor po r a t ion 

Leo n  He s s  
C ha irma n  o f  t he Boar d a n d  

C hie f  E xe c u t iv e  O ffic e r  
Ame r a da He s s  Co r po r a t ion 

Ru t h  J. Hine r fe l d, Pre s ide n t  
Le a g ue o f  Wome n Vo t e r s  

o f  t he U n ite d St a t e s  

H .  D .  Hoo pma n 
Pre s ide n t  a n d 

C hie f  E x e cu t iv e  O ffic e r  
Mar a t ho n  O il Compa ny 

Ma ry Hu dso n ,  Pre s iden t  
Hu dso n  O il Com pa ny 

Pro fe s so r  He n ry D .  J acoby 
Dire c to r , C e n t e r  fo r Energy 

Po l icy Re s e a r c h 
Ma s s ac hu se t t s  I n s t it u t e  

o f  Te c hn o l og y  

Jo hn A .  K a ne b , Pre s ide nt 
Nor t he a s t Pe t ro l e um 

I n du s t r ie s ,  I n c . 



J ames L .  K etels en 
C ha iman a n d  

C hief Ex ec u tiv e  Of f ic er 
T enn ec o  I n c . 

T homa s  L .  K imba l l  
Ex ecu tiv e Vic e  Pr es id en t  
Na tional W il d l if e  F ed er a tion 

G eo rg e  F .  K ir b y  
C ha irman o f  the Boa r d  
T ex a s  Ea s tern 

Tran smis s io n  Co r pora tion 

J o hn T .  Kl inkef u s , Pr es id en t  
B erwel l En erg y, I n c . 

C har l es G .  Ko c h  
C ha irman and 

C hief Ex ec u tiv e  O f f ic er 
Koc h  Indu s tr ies , I n c . 

J o hn H. L ic htb l a u  
Ex ec u tiv e D ir ec tor 
P etrol eum I n d u s tr y  

R es ea r c h Founda tio n , I n c . 

J er r y  McA f ee 
C ha irman o f  the Boa r d  
G u l f O il Corpo r a tion 

Pa u l  W .  MacAv o y  
T he M il to n  Steinbac h Pro f es sor o f  

Orga n iz a tion and M a n ag em en t  
a n d  Eco nomic s  

T he Ya l e  Sc hool o f  Organ iz a tio n  
and Man ag emen t  

Ya l e  U n iv ers ity 

P eter M a c Do na l d , C ha irma n  
Counc il o f  En erg y  Reso urc e Tr ib es 

D .  A .  M c G ee, C ha irman 
K er r- Mc G ee Corpor a tion 

Jo hn G .  McMil l ian 
C ha irman and 

C hief Ex ecu tiv e O f f ic er 
Nor thwes t Al a s ka n  

P ip el in e  Comp a n y  

Ca r y  M .  Mag u ir e, Pr es id en t  
Magu ir e  O il Comp a n y  
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C • E • Ma r s h , I I 
Pr es id en t  
Ma l l ar d  O il & G a s  Compan y  

w. F .  Ma r tin 
C ha irma n  o f  the Bo ard 
Phil l ip s  P etro l eum Compan y  

Dav id C .  Ma s s el l i 
En erg y  Po l ic y  D ir ec to r  
Fr ien d s  o f  the Ea r th 

F .  R . Ma yer 
C ha irma n  o f  the Bo a rd 
Ex eter Compa n y  

C .  Jo hn M il l er ,  Par tn er 
M il l er Bro thers 

James R .  Mo f f ett, P r es id en t  
McMoRa n  Explora tio n  C ompan y 

K enn eth E. Mon tag u e  
Immed ia te Pa s t  C ha irman 

o f  the Boa rd 
GCO M in er a l s  Compa n y  

J ef f  Mo n tg om er y  
C ha irman o f  the Boa r d  
K irb y Expl o r a tio n  Comp a n y  

R .  J .  Mora n , Pr es id en t 
Moran Bro s . , I n c . 

Rob er t  Mo sb a c her 

C .  H . Mur phy , J r .  
C ha ima n o f  the Bo a rd 
Murp hy O il Corpora tion 

J o hn H. M ur r el l  
C hief Ex ec u tiv e  O f f ic er a n d  

C ha irman o f  Ex ecu tiv e Comm ittee 
DeGo l yer a n d  M a c Na ug hton 

I r a  s. Nord l ic ht 
Ho l tzma nn , Wis e & Shep a rd 

R .  L .  O 'Shiel d s  
C ha irman a n d  

C hief Ex ecu tiv e  O f f ic er 
Pan ha nd le Ea s tern 

P ip e  L in e  Comp a n y  



Joh n G. Ph il l ip s  
Ch airm an o f  the Bo ard and 

Ch ie f  Exe cu tive O f f ic e r  
The Lou is ian a L and 

& Explo ration Comp any 

T. Boone P ic ke n s , J r. 
P re s id e n t  
Me s a  Pe tro l e um Comp any 

L .  F ran k P itts , Owne r 
P itts O il Comp any 

Ros em ary s. Poo l e r  
Ch airwoman and 

E x e cu tive Dire c to r  
New Yo rk S tate 

Con s ume r Pro tec tion Bo ard 

Don al d  B .  Rice , P re s ide n t  
Rand Co rpo ration 

Co rb in J .  Robe rtson 
Ch airm an of the Bo ard 
Qu in tan a Pe tro l e um Co rpo ration 

J ame s C .  Ros apepe , P re s id e n t  
Ros apepe , Fuc h s  & As soc iate s 

He n ry A .  Ro senbe rg ,  J r. 
Ch airman o f  the Bo ard and 

Ch ie f  E x e cu tive O f f ic e r  
C rown Cen tral Pe tro l e um 

Co rpo ratio n 

Ned C .  Ru s so 
Con s ul tan t o f  P ub l ic Re l atio n s  
S tab il -D ril l Spe c ial tie s , I n c . 

Robe rt v. Se l l e rs 
Ch airman of  the Bo ard 
C itie s  Se rv ice Comp any 

Robe rt E .  Seymo u r  
Ch airman o f  the Bo ard 
Conso l id ated N atu ral G as Company 

J .  J .  S immo n s ,  J r. 
Pre s id e n t 
S immo n s  Roy al ty Comp any 

Theodo re S nyd e r, J r. 
Pre s id e n t  
S ie rra C l ub 
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Ch arl e s  E .  S p ah r  

Joh n  E .  Swe aringe n  
Ch airm an o f  the Bo ard 
S tand ard O il Comp any (Ind ian a) 

Robe rt E .  Thomas 
Ch airm an o f  the Bo ard 
MAPCO I n c . 

H. A .  Tru e , J r. 
P artne r 
True O il Comp an y  

Martin Ward , P re s iden t 
Un ited As soc iation o f  J o u rneyme n  

and App re n tic e s  o f  the 
Pl umb ing and P ipe F ittin g 
I n d u s try o f  th e Un ite d S tate s 
and C an ad a  

Rawl e ig h  W arne r, J r. 
Ch airm an o f  the Bo ard 
Mob il Co rpo ration 

J .  N .  W arre n 
Ch airman o f  the Bo ard 
Go ld ru s  D ril l ing Co . 

John F .  W arre n  
Ind e pe nd e n t  O il Ope rato r/P rod uce r 

Le e C . Wh ite 
Foun d ing P re s id e n t  
Con s ume r Ene rgy Coun c il 

o f  Ame ric a  

Al to n  w. Wh ite hous e ,  J r. 
Ch airman o f  the Bo ard and 

Ch ie f  E x e cu tiv e  O f f ice r 
The S tand ard O il Compan y  (Oh io ) 

Jo s e p h  H .  W il l iams 
Ch airm an o f  the Bo ard and 

Ch ie f  E x e c u tive O f f ice r 
Th e W il l iam s  Comp an ie s  

Robe rt E .  Y an c ey, P re s id e n t  
As h l an d  O il ,  I nc . 



APP END I X  B 

NATIO NAL PETROLE UM CO UNCI L 

COMM I TTEE O N  
UNCO NVE NTI O NAL GAS SOURCE S 

CHA I RMA N 

John F. Booko u t , Pr e s id e n t  
and Ch ief E x e cu t ive Of f ic e r  

She ll Oil Comp any 

EX O FFI CI O 

C. H. Murphy , Jr . 
Ch airm an 
Nat io n al Pe tro le um Counc il 

GOVE R NME NT CO CHAI RMAN 

R. Dob ie Lang e n k amp 
Dep u ty As s is t ant Se c re t ar y  
Re s o u r c e  De v e lopment and 

Ope r at io n s  
Re so urce App lic at io n s  
u. s. De p ar tme n t  of  E n e rg y  

E X  O FFI CI O 

H. J .  Hayne s 
Vice Ch airm an 
Nat io n al Petro le um Co unc il 

SE CRETARY 

M ar s h all w. Nic h o ls 
E x e c u t ive Dire c tor 
Nat ional Pe tro le um Cou n c i l  

R .  E .  Bailey 
Ch airm an and 

Ch ie f E x e c u t ive Of f ic e r  
Conoco In c .  

Robe rt A. Be lf e r ,  Pr e s id e n t  
Be lco Pe tro le um Corpo r at ion 

Ho ward Boyd 
Ch airm an of the E x e c u t ive 

Commit tee 
The E l  P aso Comp any 

John A. Carver , Jr . 
Direc tor of the Nat u r al 

Re sour c e s  P rog r am 
Co llege of L aw 
Un iv er s ity o f  Denv e r  

Co llis P .  Ch and le r , Jr . 
Pre s id e n t  
Ch and le r  & Assoc iate s ,  I n c .  

* * 
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Ed ward W.  E r ic k so n  
Pro f e s so r  o f  Econom ic s  and 

Bus in e s s  
No r t h  Caro lin a St ate Un iv er s ity 

Jo hn S. Fo s t e r , Jr . 
V ic e  Pre s id e n t  
Sc ie n c e  and Te c h no logy 
TRW I n c . 

Fre d e r ic C. Ham ilton , Pre s id en t 
Ham ilton Bro t h e r s  Oil Comp any 

John D. Hau n , Pr e s id e n t  
Ame r ic an As soc iat ion o f  Pe t ro le um 

Ge o log is t s  
c /o Geo logy Dep ar tmen t  
Co lor ad o  Sc hoo l o f  M in e s  

De n is Haye s 
E x e c u t iv e  D ir e c to r  
So lar Energy Re s e ar c h  I n s t it u te 

Robe r t  A.  He f n e r  I I I  
M an ag in g P ar tne r 
GHK Comp any 



Rob e r t  R .  He r r ing 
Ch airman o f  the Bo ard and 

C h ie f  E x e cu t iv e  O f f ic e r  
Hou s to n  N at ur al Gas Corpo r at ion 

H. D .  Hoopman 
P re s id e n t  and 

Ch ie f  E x e cu t ive Of f ic e r  
Mar athon O il Comp any 

George F .  K irby 
C h airman of  the B o ard 
Te x as E as te rn Tr ansm is s ion C o rp .  

F loyd w .  Le wis 
C h airman and 

C h ie f  E xe c u t iv e  O f f ic e r  
Mid d le Sou t h  Ut ilit ie s ,  I nc . 

P au l  W .  MacAvoy 
The Milton Ste inb ac h  P ro f e s sor of  

Org an iz at io n  and Man ag eme n t  
and Econom ic s  

The Y ale Schoo l o f  Org an iz at io n  
and Man ageme n t  

Y ale Un ive rs ity 

W .  C . Mc Cord 
Ch airman and P re s id e n t  
E n s e r ch Corpor at ion 

C ary M. Mag u ir e , Pre s id e n t  
Mag u ir e  O il Comp any 

' ' 
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C .  E .  Mar s h , I I  
Pre s id e n t  
Mallard O il & Gas C omp any 

W .  F .  Mar t in 
C h airman o f  t h e  Boar d  
Ph illips P e tro le um C omp any 

Joh n  G. Ph illips 
Ch airman o f  t h e  Bo ard and 

Ch ie f  E x e cu t iv e  Of f ic e r  
Th e Lou is ian a  L and & E xp lor at io n 

Comp any 

Robe r t  E .  Seymo u r  
Ch airman o f  t h e  E x e cu t iv e  

C ommit t e e  
Con so lid at e d  N at ur al Gas C omp any 

E lv is J .  St ah r  
Se n ior C o u n s e lor 
N at ion al Aud ubo n Soc ie t y  

W .  A .  Str au s s 
C h airman o f  t he Bo ard and 

Ch ie f  Po licy Of f ic e r  
I n te rNor t h , I n c .  

Steph e n  A .  W ake f ie ld 
B ake r & Bo t t s  

Le e C .  Wh it e 
F o u n d ing P re s id e n t  
Cons u me r  E n e rgy Counc il o f  Ame r ic a  



NATIONAL PETROLEUM COUNCI L 

COORD I NATING SUB COMMI TT E E  
O F  THE 

COM MI TTEE ON 
UNCONVENTI ONAL GAS SOURC E S  

CHAI RMAN 

Rich ard F .  Ne l son 
Gene ral M an ag e r N at ural Gas 
She l l  O il Comp any 

AS S I STANT TO C HA IRMAN 

C h arl e s  S . M atth e ws 
Cons ul t ing Pe trol e um Eng in e e r  
Shel l Oil Comp any 

c .  Ov id B ake r,  Man ag e r  
E & P Re se arch Pl ann ing 
Mob il Re se arch & Deve l opme n t  

Corpo rat ion 

Joh n L .  Moore 

* 

Ch ie f  Prod uc t io n  E ng in e e r 
Consol id ated N at ural G as S e rv ic e  

Comp any 

* 
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GOVERNMENT COCHA IRMAN 

L uc io D ' An d re a  
Dire c to r  o f  N at ural G as 

D iv is ion 
Of f ice o f  O il & N at ural Gas 

S uppl y De vel opme n t  
U . S .  De p artme n t  o f  Ene rgy 

S E CRETARY 

Joh n H. G uy , I V  
D ire c to r ,  Commit te e  Ope rat ion s  
N at io n al Pe t rol e um C o unc il 

* 

Wil l iam N .  Po unds tone 
Ex e c u t ive V ice P re s id e nt -

Eng in e e ring 
Consol id at ion Co al Comp any 

Thomas W .  S t oy ,  J r .  
Vic e  Pre s id e n t  
O il and G as D iv is io n  
Un io n  O il C omp any o f  C al iforn ia 



NATI ONAL PETROLEUM COUNC I L  

COAL S EAMS TAS K  GROUP 
OF THE 

COM fvi i TTEE ON 
UNCONVENTI ONAL GAS SOURC E S  

CHAI RMAN 

W i l l i am N .  Pound s tone 
Ex e c u ti ve V i c e  Pre s id en t -

En g i n e e r i n g  
Con so l id ation Co al Comp any 

AS S I STANT TO THE CHAI RMAN 

Kenne th E .  Nov ak ,  Econom i s t  
Coor di n ati n g  and Pl an n i n g  

Dep ar tme n t  
Conoco I n c . 

Al v i n  Ab r ams , P r e s id e n t  
Geo s e arc h , I n c . 

M aur i c e  De ul 
Re s e arch S upe rv i so r  
U . S . Bure au o f  M i n e s  

Dr . Ab F l owe r s , D i re c tor 
G as S uppl y Re s e arch 
Gas Re s e ar c h  I n s ti tu te 

Amz i  G .  Gos s ard 
Gene r al M an ag e r  
Und e r g round Ope r ati o n s  
Kerr -McGe e  Corpo r ation 

Dr . J ame s v .  M aho ney * 

S e n i o r  Re s e ar c h  En g i n e e r  

* 

Co al M i n i n g  Proce s s i n g  D iv i s ion 
Un i te d  S tate s S te e l  Corpo r ation 

* 

GOVERNMENT COCHAI RMAN 

'I'royt York 
O f f i c e  o f  O il an d N atur al Gas 

S uppl y and Dev e l opme n t  
u . s. Dep ar tme n t  o f  Ene r gy 

S ECRETARY 

Pe te r  J .  Cove r , Con s ul tan t 
N atio n al Pe tro l e um Co un c i l  

* 

R i ch ard M .  Or r ,  M an ag e r  
Re sourc e s  and M ate r i al s  
CNG En e r gy Comp any 

H arvey S . P r i c e  
Se n io r  V i c e  Pre s i d e n t 
I n te rcomp Re s o u r c e  Dev e l opme n t  

& En g i n e e r i ng , I n c . 

Ar i e  M .  Ve r r ip s  
Ex e c u tive D i re c to r  
Ame r i c an P ub l i c  Gas As soc i ation 

Dr . H i l m ar A .  von S c h o n f e l d t 
M an ag e r  
Co al M i n i n g  Re s e arc h 
Oc c id e n tal Re s e arch Co rpo r ation 

SPEC IAL AS S I STANTS 

B e n  H .  Daud , M an ag e r  
Con so l id ation Co al o f  Au s tr al i a  

* Repl aced John A .  Wal l ace 
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Raymo nd R .  Ga l l i  
As s i s tan t M an ag e r  o f  Re sources  & 

M ate r i al 
CNG Ene r gy Comp any 



Raymond L .  Maz z a  
Sen i o r  S t af f  Eng i ne e r 
Conoco I nc . 

John c .  S h are r 
As s i s t an t  Di re c to r  
Unconve n t io n al N at u ral 
Gas Re se arc h I n s t i t u t e  

Gas 
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Edw ard R .  T al o n  
Di re c to r  o f  Gas Devel opme n t  
I n te rcomp Re sou rc e s  De vel opme n t  & 

Eng i ne e ri ng , I n c . 



NATI ONAL PETROLEUM COUNC I L  

D EVON IAN S HALE TAS K  GROUP 
OF THE 

COMMI TTEE ON 
UNCONVENTI ONAL GAS SOURC E S  

CHA I RMAN 

John L .  Moo re 
Ch i e f P rod uc ti o n  Eng i ne e r 
Consol id a ted Na tu ral Ga s 

Se rv i ce Company 

GOVERNMENT COCHAI RMAN 

J e f f rey B .  S m i th 
D i v i s i o n  o f  Fos s i l  Fue l 

Ex trac tio n  
u . s .  Depa rtme n t  o f  Ene rgy 

S ECRETARY 

John H. Guy , I V  
D i re c to r, Comm i ttee Ope ra ti o n s  
Na tional Pe tro l e um Counc i l  

Cha rl e s  E .  B rook s 
Pl ann i ng Eng i ne e r  
Con so l id a te d  N a tu ral Gas 

Se rv i ce Company 

E rne s t  B .  Jenk i n s  
Ope ra ti ng Manag e r  

* * 

K e n tucky-We s t  V i rg i n i a  G a s  Company 

D r .  Ha rry c .  K e n t, D i re c to r  
Po te n ti a l  Gas Age n cy 
Colo rado S c hool o f  M i ne s  

W i l l i am F .  Mo rs e  
Di re c to r  o f  Re s e a rc h  
Col umb i a  G a s  S y s tem Se rv i c e  

Co rpo ra tion 

Rol and L .  Rob e rtson ,  Manag e r 
Re so u rc e  Dev e l opme n t  Ope ra tions 
TRW Ene rgy Sys tems G roup 

* 

Dr. Leo A .  Rog e rs ,  Manage r 
G a s  Re s e rvo i r  A n a l y s i s  
I n s ti tu te o f  G a s  Te c h no logy 

Dr. T. V i s wana th a n  
D i re c to r  o f  E n e rgy Re s o u rc e s  

Se c ti o n  
P rod uc tion Re s e a rc h  De pa rtme n t  
G u l f Re s e a rc h  & Dev e l opme n t  

Comp a n y  

A .  B .  Wa te rs 
Te c h n i c a l  Manag e r, 

P rod uc ti o n  Imp roveme n ts 
Hal l i b u rto n Se rv i c e s  D i v i s ion 

SPEC IAL ASS I STANTS 

S tephen P .  C reme a n  
Se n i o r  Re s e a rc h  E ng i n e e r 
Col umb i a  G a s  Sy s tem S e rv i ce 

Co rpo ra tion 

B .  D .  Hag e r  
Ch i e f Geolog i s t  
Ke n tu c ky-We s t  V i rg i n i a G a s  Company 
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Robe rt S. Ottinge r  
As s is tan t Man ag e r 
Re sou rce Devel opme n t  Ope ration s 
TRW Ene rgy Sys tems Group 

Ch arl e s  R.  S k il l e rn 
Sen io r  P ro j e c t  Eng in e e r 
TRW Ene rgy Sy s tems Group 

B -7 

Rob e rt R .  Trump 
Se n io r  Re s e arch Eng inee r  
Gul f  Re s e arch & Deve l opme n t  

Comp any 



NATIONAL P E TROLEUM COUNC I L  

G E OPRE S SURED BRI IJES TASK GROUP 
OF THE 

.COMMI TTE E ON 
UNCONVENTI ONAL GAS SOURC E S  

CHAI RMAN 

Thom as W .  S toy , J r . 
Vic e  Pre s id e n t  
O il and G as D iv is io n  
Un io n  O il Comp any o f  C al ifor n ia 

GOVERNMENT COCHA I RMAN 

Don C .  W ard 
Se n io r  Te c h n ic al Ad v isor 
B ar tl e sv il l e E n e rgy Te c h no l ogy 

Ce n t e r  
U . S .  Dep ar tme n t  o f  E n e rgy 

S E CRETARY 

Joh n H .  Guy , IV 
Dire c tor , Comm it te e  Ope r at io n s  
N at ion al Petro l e um C o un c il 

* 

J .  Don al d  C l ark 
Reg io n al Re s e rvo ir Eng in e e r  
U n ion O il Comp any o f  C al ifo r n ia 

J .  D .  Comb e s  
Sen io r  Dr il l ing Con s ul t an t  
Chevron U . S . A . , I nc . 

Dr . Myron H . Dor fm an ,  Ch airm an 
P e t ro l e um E n g ine e r ing Dep ar tme n t  
Un iv e r s ity o f  Tex as at Au s t in 

Dor is F al ke nh e iner 
Immed iat e P as t  Reg io n al 

Vice P re s id e n t  
Gul f Co as t  Ar e a  
S ie r r a  C l ub 

Leo W .  Hou g h  
Con s ul t ing Geo l og is t  
Dep ar tme n t  o f  P e t ro l e um 

E n g ine e r ing 
Lou is ian a S t ate U n ive rs ity 

C h arl e s  E . Jone s 
M an ag e r  o f  Spec ial Pro j e c t s  
Mob il G C  Corpo r at io n  

* 
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* 

E .  J .  L ang h e tee 
Vic e  Ch air m an o f  the Bo ard 
Th e Lou is ian a L and & 

Ex pl o r at io n  Comp any 

Ric h ard C .  L in d w al l  
M an ag e r o f  P l ann ing and V al u at ion 
Geo th e rm al D iv is ion 
Un io n  O il Comp any of C al ifo rn ia 

Dav id E .  Powl ey 
Sen io r  Re s e ar c h  As soc iat e 
Amoco Prod uc t ion Comp any 

Ph il ip L .  R ando l p h  
Assoc iat e Dire c to r  
U nconve n t io n al N at u r al G as 

Re s e ar c h  
I n s t it u te o f  G as Te c h no l ogy 

L .  II . S aw at s ky 
Se n io r  S t af f  Geo l og ic al Eng ineer 
S h e l l O il Comp any 

F .  R .  W ad e  
P e t ro l e um Cons u l t an t  



J .  Ke i t h  We s th u s i ng , D i re c tor* 

Geopre s s ur e  Pro j e c t s  O f f i c e  
U . S .  Departme n t  o f  E n ergy 

Pro f e s sor Ro bert L .  Wh i t i ng 
Pe tro l e um Eng i n e e r i ng Depar tme n t  
Tex a s  A & M  Un ive rs i ty 

We ldon o .  W i n s a ue r  
Re s e rvo i r  Eng i ne e r i ng Coord i n a tor 
Ex x o n  Company , U . S . A . 

SPEC IAL ASS I S TANTS 

E rrol And e rson 
Reg ional Coun s e l  
Un ion O i l  Company o f  C al i forn i a  

W i l l i am P . P ur c e l l  
Plann i n g  Eng i ne e r  
Un ion O i l  Company o f  Cal i forn i a  

* Repl aced Benn i e  G .  D i Bona 
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Lee C .  Vog e l  
Sen i o r  Re s e a r c h  As soc i a t e  
Un i on O i l Compa ny o f  C a l i fo r n i a  

Lou i s  H .  Wr ig h t  
S e n i o r  Pro j e c t  Eng i nee r 
Ex x o n  Compa ny , U . S . A .  



NATIONAL PETROLEUM COUNC I L  

T I GHT GAS RESERVO I RS TASK GROUP 
OF THE 

COMMI TTEE ON 
UNCOlJVENTI OlJAL GAS SOU RC E S  

CHAI RMAN 

C .  Ov id Bake r , Manag e r  
E & P Re s e a r c h  Pl ann i ng 
Mob i l  Re s e a rc h  & Deve l opme n t  

Co rporat i o n  

GOVERNMENT COCHAI RMAN 

Luc io D ' And re a 
D i re c tor o f  Nat u r a l  Ga s 

D i v i s i o n  
O f f i c e  o f  O il & Nat ural  Gas 

S uppl y Deve l opme n t  
u . s .  Dep a r tme n t  o f  Energy 

SECRETARY 

Pe te r J .  Cove r , Con s ul tan t 
N a t ional Pe tro l e um C o un c i l  

Dr . C l a u d e  P .  Coppe l 
S e n i o r  Re s e a r ch As soc i a te 
Chevron O i l  F i el d  Re s e ar c h  

Company 

Char l e s  J .  Crowl ey 

* 

Cons ul t i ng Re s e rvo i r  Geolog i s t  
cjo Re s e rvo i r  Eng i ne e r i ng 

Depar tme n t  
The E l  Paso N a t ural Gas Compa ny 

Dr . John N .  Dew 
D i re c tor o f  Spe c i al Proj e c t s  
Re s e arch a n d  Dev e l opme n t  
C nocc I n c . 

Dr . Jo h n  D .  H a un 
Geology Depar tme n t  
Col o rad o Sc hool o f  M i ne s  

Ke i th v .  Hawk i ns 
Ch i e f Geol og i s t  
N a t u r al Ga s P ipe l i ne Company 

of Ame r i c a  

Dr . Stephen A .  Hol d i tc h  
P e t ro l e um E ng i ne e r i ng Departme n t  
Tex a s  A & M  Un i ve rs i ty 

* Repl aced Dr . John L .  Severson 

* * 

F .  Gl e nn Ma r t i n  
Pr i n c i pa l  Re s e a r c h  Eng inee r 
Re s e a rc h  & Dev e l opme n t  Dep a r tme nt 
Arc o  O i l  & Gas Comp a ny 

John M .  McNe i l l  
V i c e  P r e s id e n t  
APT CO 

Jame s A .  Mompe r * 

Re s e arch Co n s ul t an t  
Amoc o  Pro d uc t i o n  Company 

R. J .  S a uc i e r  
S t a f f  Re s e a rch Eng i n e e r  
S h e l l De v e l opme n t  Company 

Dr . Al v i n  L .  S c h a l g e  
S e n ior Re s e a r�h C h em i s t  
Marathon O i l  C ompa ny 

Ch ar l e s  W .  Spe nce r 
Prog r am C h i e f  
U . S .  On shore Bas i n s  S t ud i e s  
U . S .  G e ol o g i c a l  S urvey 
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Frank W .  S t e ad , Geo l og i s t  
u . s. Geol og i c a l  S urvey 

G .  W .  S ul l ivan 
Ch i e f  Re se rvo i r  Eng i n e e r  
Gul f O i l  Ex plora t ion & Prod uc t ion 

Company 

* * 

Dr . Ra l p h  W .  Ve a t c h , J r . 
Re s e a r c h  Supe r v i sor 
Amoco P r od uc t i on Company 

J ame s R .  We b e r  
V i c e  Pre s id e n t  - Ex p l o r a t ion 
Chand l er & As so c i a te s , I nc . 

* 

SPEC IAL AS S I STANTS 

Dr . J .  P .  Brashe a r ,  Pr i nc ipal 
Lewin & As soc i a te s ,  I nc . 

Robe r t  D .  Car t e r  
Re se arch S uperv i sor 
Amoco Prod uc t ion Company 

John S .  Conway 
Pe tro l e um Eng i n e e r  
u . s. Depar tme n t  o f  Ene rgy 

T . D.  Cook 
Ma nag e r  o f  S t r a t ig raph ic S e r v i c e s  
She l l  O i l  Company 

Sand ra J .  Do ughe r ty 
As so c i ate Comp u t e r  An aly s t  
Amoco Prod uc t ion Comp a ny 

Ll oyd E .  E l k i n s  
Pe tro l e um Co n s ul t a n t  
Lewin & As soc i a te s ,  I n c . 

John H. Eva n s  
Se n ior Re search Econom i s t  
Mob i l  Re search & 

Dev e l opme n t  Corpo r a t ion 

Dav id C .  Faecke 
Sen ior Re search Econom i s t  
Mob i l  Re se arch & 

Deve l opme n t  Cor po r a t i o n  

Joh n L .  F i tc h  
Man age r ,  Prod uc t ion Me c h a n i c s  
Mob i l  Re search & 

Devel opme n t  Corpo r a t ion 

Jame s H .  Gr i f f i th 
Geo l og i c a l  Spec i a l i s t  
Mob i l  O i l  Co rpo r a t ion 

Ca rrol F .  Kn u t so n , Partner 
C .  K .  Geo En e rgy 

Robe r t  L .  Man n  
V i ce P r e s id e n t  
C . E . R . Corpo r a t i o n  

Charl e s  N .  Ne e d h am 
As soc i ate Ex pl o r a t ion Geolog i s t  
Mob i l  Pro d uc i n g  Tex a s  & 

New Mex i c o , I ncorpo r a ted 

Dud l ey D .  R i c e , Geol og i s t  
u . s .  Geo l og i c a l  S urvey 

Mus t a t a  Se n g u l  
Re s e a r c h  Eng i ne e r  
Mara t ho n  O i l  Company 

Fred L .  Str i ck l i n , Jr . 
Ex p l o r a t ion Ma n ag e r  
S o u t h e r n  Reg io n  
K i rby Ex pl o r a t i o n  Company 

Al l e n  A . S t r i pl i n g , Pre s id e n t  
S t r i pl i n g  As soc i a te s  
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